Purpose: Single-agent interferon (IFN) is no longer regarded as a standard option for first-line systemic treatment of metastatic renal cell carcinoma (RCC) in Western countries. However, some patients with favorable-risk RCC may still achieve complete and long-lasting remission in response to IFN treatment. The present study compared favorable-risk Japanese patients with metastatic RCC Japanese patients who had been treated with IFN or tyrosine kinase inhibitor (TKI) therapy as a first-line systemic therapy. Materials and Methods: From 1995 to 2014, a total of 48 patients with favorable risk as defined by the Memorial Sloan Kettering Cancer Center criteria who did not receive adjuvant systemic therapy were retrospectively enrolled in this study. We assessed the tumor response rate, progression-free survival (PFS), and overall survival (OS). Results: The objective response rate for first-line therapy was 29% in the IFN group and 47% in the TKI group, but this difference did not reach the level of statistical significance. Median OS for IFN and TKI was 71 and 47 months, respectively (p=0.014). Median first-line PFS for IFN and TKI was 20 and 16 months, respectively (no significant difference). First-line IFN therapy did not prove inferior to TKI therapy in terms of OS according to metastatic sites. Conclusions: IFN is associated with a survival benefit in Japanese patients with favorable-risk metastatic RCC in the era of targeted therapy. Further prospective study is needed.
INTRODUCTION
There are 209,000 cases of and 102,000 deaths due to renal cell carcinoma (RCC) per year worldwide. The inci dence of all stages of RCC has increased over the past several years [1] . RCC had been treated with cytokines with a modest response rate and some survival benefit [2] . Since 2005, the U.S. Food and Drug Administration
Interferon treatment for Japanese patients with favorable-risk metastatic renal cell carcinoma in the era of targeted therapy median survival time was approximately twice as long as that in previous studies from North America and Europe in the cytokine era. One of the reasons for the difference was considered to be related to varying individual sensiti vities to cytokine treatments. Racial differences might also affect biological characteristics of the tumors, leading to di fferences in frequencies of metastatic lesions and patho logical features [3] .
Previous reports demonstrated positive response rates of 10% to 20% in response to cytokine treatments. However, some patients with favorablerisk disease achieved a com plete and longlasting remission [4, 5] . Recent studies sug gest that STAT3 polymorphism predicts a favorable res ponse and survival benefit of IFNalpha in Japanese pa tients with mRCC [6] .
Thus, cytokine treatments may be useful for some Ja panese patients with mRCC, even in the era of targeted therapy. The present study investigated outcomes in Ja panese patients with favorablerisk mRCC according to the Memorial Sloan Kettering Cancer Center (MSKCC) criteria who had been treated with IFN or tyrosine kinase inhibitor (TKI) therapy as a firstline systemic therapy.
MATERIALS AND METHODS
A total of 48 Japanese mRCC patients with favorable risk disease as defined by the MSKCC criteria who had been treated with immunotherapy or TKI therapy at Chiba University Graduate School of Medicine Hospital (CU) or Chiba Cancer Center (CCC), Japan, from 1995 to 2014 were retrospectively enrolled in this study. Ten patients were treated with TKI therapy as a firstline the rapy at CCC; the others were treated at CU. Patients who had received adjuvant systemic therapy were exclu ded. The MSKCC cri teria included Karnofsky perfor mance status <80%, ele vated lactate dehydrogenase, low hemoglobin, elevated se rum corrected calcium, and time from diagnosis to starting systemic therapy <1 year. Fa vo rablerisk patients have 0 risk factors [7] .
Data regarding clinical characteristics, including age, gender, clinical stage, histology of the primary tumor, me ta stasectomy, radiation, and radiofrequency ablation (RFA), were collected from 48 patients. If necessary, we per formed metastasectomy, RFA, and radiation before and during systemic treatment. In principle, we performed metastasectomy when the patient would be a surgical com plete response (CR). Because systemic treatment res ponse in liver metastasis was low in many cases, we tried to perform RFA for liver metastasis if possible.
Firstline systemic IFN therapy included IFNalpha and IFNgamma in 29 and 2 cases, respectively. Firstline systemic TKI therapy included sorafenib, sunitinib, and axitinib in five, eight, and four cases, respectively. Firstline progressionfree survival (PFS), overall survival (OS), and firstline response rate were evaluated in all 48 patients. Secondline PFS was evaluated in 24 patients.
After sorafenib was approved for clinical use in 2008, we began to examine its clinical application for oth er potential molecular targets. We assessed the tumor re sponse according to the RECIST (response evaluation criteria in solid tumors). PFS and OS were calculated from the date of initial systemic therapy. Statistical analysis was performed by using the Student ttest, chisquare te st, or MannWhitney U test, and survival curves (PFS and OS) were created by using the KaplanMeier method with the logrank test. Values of p<0.05 were considered to represent statistical significance. SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) was used for all analyses.
RESULTS
Comparisons of the clinical and pathological features of all 48 patients according to firstline therapy are sum marized in Table 1 . The mean age at diagnosis was 60 years in the IFN group and 58 years in the TKI group (no significant difference). There was no significant difference between the two groups in distribution of gender. Before 2008, all patients were treated by immunotherapy. Since 2008, 10 patients were treated with IFN and 17 patients were treated with TKI as a firstline therapy. All 48 pa tients enrolled in this study underwent nephrectomy. The initial clinical stage was 1 in 13 cases (42%), 2 in 7 cases (23%), 3 in 10 cases (32%), and 4 in 1 case (3%) in the IFN group. The initial clinical stage was 1 in six cases (35%), 2 in three cases (18%), 3 in four cases (24%), and 4 in four cases (24%) in the TKI group. Stage 4 was much more frequent in the TKI group than in the IFN group (p=0.0276). Histology was the clearcell type in 26 cases (84%), sarcomatoid in 2 cases (6%), collecting duct in 2 cases (6%), and chromophobe in 1 case (3%) in the IFN group. The histology of all TKI cases was the clearcell type.
Metastasectomy from any organ was performed in 12 patients (39%) in the IFN group and in 8 patients (48%) in the TKI group. Radiation of any site was performed in three (10%) and one (6%) patient, respectively, and RFA to any organ was performed in two (6%) and two (12%) cases, respectively. Duration from nephrectomy to systemic therapy was 34.1 months in the IFN group and 47.3 months in the TKI group. Initial stage seemed to affect the duration of starting systemic therapy from nephrectomy. There was no significant difference in the duration from nephrectomy to systemic therapy when comparing the two groups.
In the IFN group, responses included CR in 3 cases (10%), partial response (PR) in 6 cases (19%), stable disease (SD) in 18 cases (58%), and progressive disease (PD) in 4 cases (13%). In the TKI group, responses included CR in one case (6%), PR in seven cases (41%), SD in nine cases (53%), and PD in 0 cases (Fig. 1) . The CR rate was higher in the IFN group than in the TKI group, and the objective response rate (ORR) and clinical benefit were higher in the TKI group than in the IFN group, but the se differences did not reach the level of statistical signi ficance (p=0.649, p=0.212 and p=0.122, respectively). Fig. 2A shows OS using a KaplanMeier curve, in which OS was superior in the IFN group than in the TKI group. Median OS in the IFN and TKI groups was 71 and 47 months, respectively (p=0.014). There was no significant difference in PFS when comparing the two groups. Median PFS was 20 and 16 months in the IFN and TKI groups, respectively. In the first year after initial systemic therapy, PFS was superior in the TKI group when compared with the IFN group (Fig. 2B) . The superior PFS of TKI in the first year might influence the response rate, as 13% of the IFN group had PD in response to initial systemic therapy. By contrast, PD did not occur in the TKI group. Fig. 3 presents secondline PFS as a KaplanMeier cur ve. No significant difference was found when comparing the two groups. Median PFS in the firstline IFN group (n=14) and TKI group (n=10) was 7 months and 7 months, respectively (p=0.380). Four patients from the firstline IFN group had been treated using interleukin2 as a secondline the rapy. One patient from the firstline TKI group had been treated with IFN as a secondline therapy. The others were treated with TKI as a secondline therapy. There was no significant difference in the number of favorable risk mRCC patients receiving a secondline therapy on the basis of the selection of IFN or TKI as a firstline therapy in this study. Fig. 4A presents OS on the basis of metastatic sites. In patients with lung or lymph node metastasis, no signi ficant difference was found when comparing the first line IFN and TKI groups. Median OS in the firstline IFN group (n=23) and TKI group (n=4) was 70 months and 16 months, respectively (p=0.230). Fig. 4B presents OS in patients with metastatic disease at sites other than the lung or lymph nodes. A significant difference was found in OS when comparing IFN or TKI as a firstline therapy. Median OS in the firstline IFN group (n=8) and TKI gr oup (n=13) was 57 months and 47 months, respectively (p=0.032). These data suggest that firstline IFN therapy was not inferior to TKI therapy when evaluated according to metastatic sites.
DISCUSSION
This retrospective study showed that IFN was effective for MSKCCdefined favorablerisk mRCC patients. Me dian OS in the IFN group (71 months) was longer than that in the TKI group (47 months). Median PFS in the IFN group (20 months) was not significantly different 
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from that in the TKI group (16 months). There was no significant difference in PFS after secondline therapy on the basis of the selection of IFN or TKI as the firstline therapy. IFN was not inferior to TKI therapy according to metastatic sites. Three patients (10%) in the IFN group and two patients (12%) in the TKI group suffered from toxicities and could not continue IFN. Because they could not continue their primary systemic treatment, their metastasis led to progression. There was no significant difference in tolerability of the firstline therapies. This study demonstrated a higher response rate in the IFN group (29%) than in the TKI group (47%). Response rates in the range of 30% to 40% have been observed in response to recent TKI treatment [8, 9] . Furthermore, the response to IFN treatment seen in the present study is also superior to that seen in a previous report (10%-20%) [4, 5] . It is possible that patients in previous reports included those with MSKCCdefined intermediate and poorrisk disease as well as patients with a different distribution of ethnicity than in the present study.
A previous study of MSKCC risk classif ication in Japanese patients with mRCC showed that median OS was not reached and that 3year OS was 80% among MSKCC def ined favorablerisk patients. Studies on Japanese mRCC patients have showed varying survival times compared with studies conducted on North American or European patients. However, there were some differences in the distribution of patients among the different risk groups and in the survival time according to risk group when comparing Japanese studies with other studies [10] . Another Japanese retrospective study of 1,467 patients with mRCC showed that OS was about 2 times longer than that seen in previous studies in North America and Europe in the cytokine era [3] . Therefore, Japanese mRCC patients might have better outcomes than do North Ame rican and European mRCC patients.
Cytokine treatment was previously the standard the ra py for mRCC. IFNalpha monotherapy is associated with an improvement in survival among patients with ad van ced RCC [1113] . However, previous trials have not shown the superiority of cytokine treatment monotherapy over other therapies [14] . IFNalpha was chosen as the com parator in several trials on the basis of data from pre vious studies and the widespread use of this agent.
Because IFN therapy is associated with a low response rate and substantial adverse effects, identification of reli able predictive markers for a favorable response to IFN is needed to establish optimal treatment strategies for patients with mRCC. A Japanese genetic study was the first prospective study to demonstrate that a STAT3 polymorphism can predict favorable response to treatment with IFNalpha in patients with mRCC [6] . Another Japanese study demon strated that the sensitivity to IFNalpha is increased by YB1 suppression and that this suppression does not down regulate IFNalpha activation of T lymphocytes [15] . Further study should be performed to clarify the difference between Japanese mRCC patients and those from other geographic regions and ethnicities.
This study demonstrated that IFN was not inferior to TKI therapy according to metastatic sites. A previous Japanese study showed that it is possible to improve the success rate in treating advanced RCC patients, espe cially those with lung metastases, if combination therapy with interleukin-2 and IFN-alpha is chosen as the firstline treatment. That study showed an ORR of 35.5% and a clinical benef it rate of 80.6% in patients with lung metastasis alone; those values were 60.0% and 80.0%, respectively, in patients with lung plus lymph node metastasis. On the other hand, in patients with lung plus bone metastatic sites, the ORR was 33.3% and the clinical benefit rate was 33.3% [16] . Endpoint results from specific surveillance of sunitinib treatment of Japanese patients showed that the ORR for all MSKCCdefined risk groups was 22.8% for patients with lung metastasis, 18.9% for patients with liver metastasis, and 14.9% for patients with bone metastasis [17] . Endpoint results from specific surveillance of sorafenib treatment of Japanese patients showed that the ORR of all MSKCCdef ined risk groups was 33.5% for patients with lung metastasis, 16.8% for patients with liver metastasis, 11.7% for patients with bone metastasis, and 12.5% for patients with brain metastasis [18] . These data demonstrated that patients with lung metastasis experience a better response than do other patients when treated with immunotherapy or TKI therapy. In the present study, the number of patients with metastatic disease was low, because the patient population consisted of those with MSKCCdef ined favorablerisk disease, and this phenomenon might have affected the results. The present study and previous reports showed that TKI produces insufficient benefit in patients with metastatic disease at sites other than the lung or lymph nodes.
Because this was a retrospective study with a small number of patients treated with TKI for firstline systemic treatment, our understanding of the use of a single TKI agent for firstline systemic treatment is limited. In this study, administration of each TKI agent was affected by approval for clinical use. Recently, sunitinib and pazopanib have been recommended for use as single TKI agents for firstline therapy of good to intermediaterisk clear cell carcinoma on the basis of the results of large randomized clinical trials [1] . Further study is needed to determine appropriate firstline TKI agents in favorablerisk patients.
This retrospective study included patients with nonclearcell histology in the IFN group. Patients with sar comatoid variants and collecting duct RCC have poor survival [19] . In this group of enrolled patients, one patient with sarcomatoid carcinoma was alive and being treating with IFN 10 months after systemic treatment, whereas the other patient died 17 months after IFN treatment and PFS was 2.8 months. One patient with collecting duct carcinoma was dead 13 months after IFN treatment and PFS was 1.5 months, the other patient was alive at 68 months after IFN treatment and PFS was 50 months. In this study, some of the patients with a poor prognosis histology received a survival benefit. This seemed to be affected by good general condition and performance status. In the target therapy era, we might be able to achieve ef fectiveness in Japanese patients with non-clearcell, favorablerisk disease treated with IFN. Further clinical study with a large number of patients is needed to clarify the treatment effects of IFN in non-clearcell, favorable risk patients.
This study was limited by the small number of enro lled patients. There is the possibility of bias in the initial stage and in the era of starting systemic therapy. Our understanding of this study in MSKCC favorablerisk mRCC is limited and needs to be developed f urther. Fur ther research about the molecular dif ferences bet ween Japanese patients and those of other ethnicities may improve our understanding of why some mRCC patients in this study had markedly better responses to immunotherapy.
Further clinical study is needed to evaluate favorable risk patients with regard to OS and PFS in the selection of a firstline systemic therapy. Few reports have focused on systemic therapy for favorablerisk patients. The number of MSKCCdefined favorablerisk patients was originally too small. Collaborative group studies might help to boost the numbers of patients with this rare favorablerisk profile who are available for study.
CONCLUSIONS
IFN is associated with a survival benefit in Japanese patients with favorablerisk metastatic RCC in the era of targeted therapy. However, because the present study was a retrospective analysis, there is the possibility of outside factors influencing the results at the initial stage and in the era of starting systemic therapy. Further prospective study is needed.
